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ABSTRACT. A 4-year-old female Maltese (case 1), a 9-year-old castrated male shih tzu (case 2) and 2-year-old female Pomeranian (case 3) 
presented with neurological signs, such as head tilt, ataxia, circling and paresis. The three cases were tentatively diagnosed as having 
meningoencephalitis of unknown etiology based on computed tomography scan and cerebrospinal fluid analysis. All patients were managed 
with cyclosporine plus prednisolone therapy. The survival times of the three patients were 170, 70 and 21 days, respectively. After the 
cases died, we performed necropsy and histopathological examination for definitive diagnosis. Based on the necropsy, histopathological 
and immunohistochemical examinations, cases 1, 2 and 3 were definitely diagnosed as having necrotizing meningoencephalitis, necrotiz-
ing leukoencephalitis and granulomatous meningoencephalitis, respectively. This case report demonstrated the clinical findings, brain CT 
characteristics and histopathological and immunohistochemical features of NME, NLE and GME in dogs and discussed the reason for the 
relatively short survival times under cyclosporine plus prednisolone therapy.
KEY WORDS: canine, cyclosporine, granulomatous meningoencephalitis (GME), necrotizing leukoencephalitis (NLE), necrotizing 

meningoencephalitis (NME).
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Granulomatous meningoencephalitis (GME), necrotizing 
meningoencephalitis (NME) and necrotizing leukoencepha-
litis (NLE) are common idiopathic autoimmune inflamma-
tory disorders of the central nervous system (CNS) in canine 
patients [2, 7, 10, 12, 18, 20, 21]. In most cases, a hypothetic 
antemortem diagnosis is achieved via a diverse examination 
that includes assessment of clinical signs, cerebrospinal 
fluid (CSF) analysis, cross-sectional imaging of the CNS via 
computed tomography (CT) scan or magnetic resonance im-
aging (MRI) and infectious disease testing [1, 2, 7, 10, 11]. 
However, all CNS autoimmune inflammation cases could be 
definitively diagnosed based on the results of histopathologi-
cal examination [7, 10, 11, 20].

Previous reports [10, 13, 14, 18] have suggested that 
NME, NLE and GME are autoimmune CNS disorders and 
that suppressing the immune reaction is the best manage-
ment method for patients. Therefore, several immunosup-
pressive drugs have been used for NME, NLE and GME 
cases [1, 2, 6, 9–11, 23]. Recently, several reports suggested 
that cyclosporine showed beneficial effects for autoimmune 
CNS inflammatory cases [1, 2, 9–11].

This case report demonstrates the clinical findings, brain 

CT characteristics and histopathological and immunohisto-
chemical features of NME, NLE and GME in dogs. It also 
focuses on the discussion about the reason for the relatively 
short survival times under cyclosporine plus prednisolone 
therapy in the present 3 cases.

A 4-year-old female Maltese (case 1), a 9-year-old 
castrated male shih tzu (case 2) and 2-year-old female Po-
meranian (case 3) presented with neurological signs, such 
as head tilt, ataxia, circling and paresis. Case 1 showed 
acute progression of neurological defects, such as left side 
head tilt, circling to the left side, blindness and ataxia. On 
physical and neurological examination of case 1, open fon-
tanelle; bilateral delayed postural reaction with the left side 
being more severely affected than the right side; absence of 
menace response; ventrolateral strabismus; left side head 
tilt; and left side circling were observed. Case 2 showed a 
1 week history of neurological defect progression, such as 
tetraparesis (ataxia and right side hemiparesis were initial 
signs) and head tilt. Prednisolone (1 mg/kg, PO, q 12 hr) 
was administered for 7 days at a local animal hospital before 
presentation to us, but clinical signs were not improved in 
case 2. On physical and neurological examination of case 
2, left side facial palsy, bilateral delayed postural reaction, 
absence of menace response and right side head tilt were 
observed in the patient. Ataxia, right side facial palsy and 
right side hemiparesis signs occurred 1 day before presenta-
tion in case 3. On physical and neurological examination of 
case 3, right side facial palsy and delayed right side postural 
reactions were observed. There were no remarkable findings 
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with regard to blood tests (including complete blood counts, 
serum biochemistry profiles, canine distemper virus RT-PCR 
in blood and toxoplasma antigen detection by ELISA) and 
skull and thoracic radiography in all 3 cases.

In case 1, moderate bilateral ventriculomegaly was found 
according to brain ultrasonography via open fontanelle. We 
suggested brain CT examination to rule out encephalopathy, 
such as congenital defects, CNS inflammation or brain tumor. 
However, the client refused brain CT examination, because 
of the cost and anesthesia. Then, we prescribed prednisolone 
(1 mg/kg, PO, q 12 hr) and furosemide (2 mg/kg, PO, q 12 
hr) to case 1 and strongly recommended a brain CT scan, if 
there was no response to the initial medication. The clini-
cal signs gradually improved after medication for 30 days. 
However, they were not eliminated and slowly worsened 
after steroid tapering, because of severely increased hepatic 
enzyme levels (ALT, AST and ALP; 5–6 times higher than 
the normal ranges) and severe polyuria/polydipsia/poly-
phagia (tapered to 0.5 mg/kg, PO, q 12 hr). About 70 days 
after initial presentation, the dog’s clinical sings were worse 
than at initial presentation, and the client decided to allow a 
brain CT examination. In the CT findings, hypo-attenuated 
multifocal lesions were found in the right cerebral cortex, 
and the lesions were not enhanced after contrast study (Fig. 
1A). The results of CSF analysis showed an increased nucle-
ated cell count of 10 cells/µl (reference range, 0–5 cells/µl). 
Cytologic examination of the CSF revealed monocytic pleo-
cytosis. The volume of CSF was not enough to perform other 
tests, such as bacterial and fungal cultures, CDV RT-PCR 
and Toxoplasma ELISA, so we could not proceed with other 
examinations of the CSF. Based on the examination results, 
we tentatively diagnosed this case as meningoencephalitis of 
unknown etiology (MUE). Management with prednisolone 
(Prednisolone, Korea Pharm., Seoul, Korea; 0.5 mg/kg, 
PO, q 12 hr) and cyclosporine microemulsion (CYPOL-N®, 
Chong Kun Dang Pharm., Seoul, Korea; 6 mg/kg, PO, q 
24 hr) was initiated, and clinical signs improved gradually 
compared with the previous therapy (sole prednisolone ther-
apy). Three weeks after cyclosporine administration, ataxia 
and proprioceptive deficits had mildly progressed, and we 
prescribed a higher dose of cyclosporine (10 mg/kg, PO, q 
24 hr). Neurological signs were not improved, but had not 
progressed. The clinical status of case 1 was maintained, but 
the dog suddenly died at home 100 days after cyclosporine 
administration (about 170 days after initial presentation).

In cases 2 and 3, we could perform a brain CT examina-
tion at initial presentation. The CT findings of case 2 showed 
hypo-attenuated lesions that were suspected to be necrotiz-
ing lesions in both sides of cerebral cortex parts (Fig. 2A). 
The CT findings of case 3 indicated that the falx cerebri had 
shifted to the right side due to edematous changes of the left 
side cerebral parenchyma. Some parts of the left cerebral 
cortex were enhanced after contrast study (Fig. 3A). The 
results of CSF analysis showed an increased nucleated cell 
count of 20 cells/µl (both cases 2 and 3; reference range, 0–5 
cells/µl). Cytologic examination of the CSF revealed mono-
cytic pleocytosis (case 2) and lymphocytic pleocytosis (case 
3). The volume of CSF was not enough to perform other 

tests, such as bacterial and fungal cultures, CDV RT-PCR 
and Toxoplasma ELISA, so we could not proceed with other 
examinations of CSF. Based on the examination results, we 
tentatively diagnosed cases 2 and 3 as meningoencephalitis 
of unknown etiology (MUE). Then, we started a combina-
tion therapy of prednisolone (1 mg/kg, PO, q 12 hr) and 
cyclosporine (6 mg/kg, PO, q 24 hr) for them. The clinical 
signs of both cases improved gradually after medication, but 
were not eliminated. The clients of both cases had trouble 
with cyclosporine administration at home and sometimes 
failed to give the medications. Cases 2 and 3 were suddenly 
died at home 70 and 21 days after cyclosporine administra-
tion, respectively.

In all 3 cases, necropsy and histopathological examination 
were performed after obtaining consent from the owners. 
The findings of case 1 showed multifocal necrotic lesions in 
the cerebral cortex, which was consistent with the CT find-
ings (Fig. 1B). The necropsy findings of case 2 also showed 
multifocal necrotic lesions in the cerebral cortex (Fig. 2B). 
Furthermore, an inflammatory lesion on the brainstem was 
noticed that had not been found on the CT scan. The necrop-

Fig. 1. Brain CT scan images (A, C, E) and necropsy findings (B, D, 
F) of the present cases. Multifocal necrotic inflammatory lesions 
(arrows) are seen on CT and necropsy images from case 1 (A & 
B) and case 2 (C & D). Edematous and inflammatory changes (ar-
row) and falx cerebri deviation (small arrow) are seen on CT and 
necropsy images from case 3 (E & F).
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sy findings of case 3 revealed edematous changes of the left 
cerebral parenchyma and lesions on the left cerebral cortex 
(Fig. 1C). The histopathological examination results of cases 
1 and 2 revealed neuronal necrosis, vacuolation and perivas-
cular cuffing with lymphocyte infiltration in the cerebral cor-
tex, macrophage infiltration and necrosis in the white matter 
(Fig. 2A and 2C). The lesion on the brainstem in case 2 also 
showed necrotic inflammatory changes. The histopathologi-
cal examination results of case 3 demonstrated perivascular 
cuffing with lymphocyte infiltration in the cerebral cortex, 
but no necrotic changes were found (Fig. 2E).

The immunohistochemistry results for T cells (anti CD3) 
in all 3 cases showed that positive cells had infiltrated around 
vessels (Fig. 2B, 2D and 2F). According to the histopatho-
logical and immunohistochemical findings, we definitively 
diagnosed cases 1, 2 and 3 as NME, NLE and GME, respec-
tively.

GME, NME and NLE are common idiopathic CNS in-
flammation disorders in dogs [1, 5, 7, 11, 13, 14, 17, 18, 20]. 
GME is also thought to be an autoimmune disorder and char-
acterized histologically by perivascular cuffing with mono-
nuclear cells in the CNS [7, 14, 17, 20]. Necrotizing CNS 
inflammation includes two pathologically distinct diseases 
referred to as NME and NLE [7]. Both diseases are thought 
to be autoimmune disorders and have similar characteristic 
features, such as multiple cavitary necrotic nonsuppurative 
inflammatory brain lesions in gray and white matters [7, 20].

Most small breed dogs could be predisposed to GME 
[7]. NME and NLE have been reported mainly in the pug, 
Maltese, Pomeranian, Chihuahua, Yorkshire terrier, shih tzu, 
Pekingese, West Highland white terrier, Boston terrier and 
miniature pinscher [7, 10–13, 18, 22].

To date, the general treatment for autoimmune CNS in-
flammation in dogs has been immunosuppressive doses of 
glucocorticoid [7, 11]. However, the response to therapy 
with glucocorticoid only varies, and clinical signs often 
relapse during the tapering of glucocorticoid therapy [7, 
10, 11]. Various immunosuppressive drugs in autoimmune 
CNS inflammation cases have been reported previously, 
but limited [1, 2, 6, 9–11, 23]. According to several re-
cent reports [1, 2, 9–11], cyclosporine and prednisolone 
combination therapy allowed for a decrease in the dose 
of prednisolone and showed synergic effects on autoim-
mune CNS inflammation. One study [2] demonstrated that 
the median survival time after cyclosporine combination 
therapy in CNS inflammation was 930 days. Another study 
[15] reported that the median survival time of 15 GME 
dogs with sole prednisolone therapy was 41 days. In one 
previous report [11], moreover, the mean survival time of 
histopathologically confirmed NME dogs with cyclosporine 
plus prednisolone therapy was 305.7 ± 94.7 days, and the 
mean survival time of histopathologically confirmed NME 
dogs with sole prednisolone therapy was 58.3 ± 30.5 days. 
Furthermore, one other report [10] described survival for 
1,096 days after cyclosporine plus prednisolone therapy in 
a histopathologically confirmed NME case. Although there 
were no histopathologic confirmations, several reports [1, 9] 
described cyclosporine therapy as showing beneficial effects 
in autoimmune CNS inflammation suspected dogs.

In this study, we administered cyclosporine plus pred-
nisolone in three dogs with autoimmune CNS inflammation. 
However, the survival times of the 3 dogs were relatively 
shorter than in previous studies [1, 2, 9–11]. Just one case 
survived for 170 days, and the other two cases survived less 
than 100 days after cyclosporine plus prednisolone therapy 
in this study.

There are several possible reasons for the shorter survival 
times in this study. 1) In case 1, the client refused a brain 
CT on the initial presentation day, and we just prescribed 
prednisolone (1 mg/kg, PO, q 12 hr) plus furosemide (2 mg/
kg, PO, q 12 hr) for 70 days. According to our experiences, 
the timing of administration of immunosuppressants (as 
early as possible) is very important to extend survival time 
in autoimmune CNS inflammation cases. Prednisolone could 
cause improvement of inflammatory and edematous changes 
in almost all autoimmune CNS inflammation cases, but it 
could not delay autoimmune disease progression at a lower 
dose. Adverse effects, such as polyuria/polydipsia/poly-
phagia, hepatotoxicity, weight gain, iatrogenic Cushing’s 
disease and depression, are frequently seen during long-term 
prednisolone therapy. According to a previous report [10], 
immunosuppressants, such as cyclosporine, could decrease 
the speed of disease progression when used with an appro-
priate method and timing. We suspected that case 1 missed 
the appropriate timing for administration of cyclosporine. 

Fig. 2. Histopathological (HE stain; A, C, E) and immunohisto-
chemical (anti CD 3 stain; B, D, F) results of the present cases. 
A & B: case 1; C & D: case 2; E & F: case 3. All cases represent 
T-cell-positive results around perivascular areas. Case 1, case 2 
and case 3 were ultimately diagnosed as NME, NLE and GME, 
respectively.
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Therefore, late cyclosporine administration might not show 
an extremely beneficial effect like previous reports [1, 2, 
9–11]. Although case 1 showed a relatively short survival 
time, we should focus on improvement of clinical signs after 
cyclosporine administration compared with the status when 
using prednisolone only therapy. 2) Because cyclosporine 
is capsular emulsion form, it may be difficult to administer 
it by an appropriate method. Moreover, one previous report 
[19] described that administration of cyclosporine with food 
could decrease the bioavailability by 22% and increase the 
individual variability of drug absorption. The owners of 
the cases 2 and 3 dogs had serious trouble with cyclospo-
rine administration at home and sometimes failed to give 
the medications. Cyclosporine was administered less than 
3 times in a week in both cases. Although we used cyclo-
sporine plus prednisolone initially for cases 2 and 3, both 
cases were acute forms, and inconsistent administration of 
cyclosporine could not delay the disease progression. Acute 
form autoimmune CNS inflammation progresses rapidly 
and shows high mortality even in the early stage. According 
to a previous report [10], cyclosporine could not stop the 
progress of the disease but could improve inflammatory and 
edematous changes initially and then decrease the speed of 
disease progression. 3) We did not measure the cyclosporine 
concentration in the 3 cases, so we could not show the exact 
therapeutic concentration after therapy.

A limitation of this study is that we demonstrated our 
opinion based on previously published clinical papers. 
However, it is necessary to provide a logical discussion, and 
more randomized, controlled, blinded or large-scale studies 
are essential parts of this. None of the previous clinical stud-
ies matched up with these concepts perfectly. More clinical 
trials to compare the efficacy in autoimmune CNS inflamma-
tion are necessary to prove the better effects of cyclosporine. 
However, it is also true that actually performing a clinical 
study that perfectly fulfills the above needs is very difficult. 
Although each study consisted of a small number of cases, 
collection of data from previous reports should not be ig-
nored. It is not entirely enough, but it could be somewhat 
presumptive evidence.

Another limitation is the limited number of cases in this 
study. Several previous reports [3, 4, 8, 16, 19] described the 
pharmacodynamics, pharmacokinetics and clinical efficacy 
of cyclosporine in dogs. It is true that cyclosporine is the 
one of the beneficial options for treating autoimmune CNS 
inflammations in dogs [1, 2, 9–11]. However, cyclosporine 
therapy can sometimes fail in clinical practice. In other 
words, autoimmune CNS inflammation cases do not always 
show a good response to cyclosporine therapy. This was the 
starting point of this study. In this study, we discussed about 
the reason for the relatively short survival times of the three 
autoimmune CNS inflammation cases under cyclosporine 
therapy. Unfortunately, the small number of cases in this 
study presents a problem. This study could have provided 
more logical clinical data, if a large cohort of cases had been 
utilized. More clinical trials and a large number of cases are 
needed.

In summary, we suggested that drug administration tim-

ing, frequency and therapeutic concentration measurement 
are very important to extend survival times and improve the 
life quality in autoimmune CNS inflammation cases treated 
with cyclosporine. Thus, aggressive initial cyclosporine 
therapy is needed in suspected cases of autoimmune CNS 
inflammation.
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